Introduction {#Sec1}
============

Statin therapy to reduce low-density lipoprotein cholesterol (LDL-C) is the recommended first-line treatment option for German patients with elevated LDL-C \[[@CR1]\] and at high risk for cardiovascular events. Despite the use of statins, however, coronary heart disease (CHD) remains the leading cause of death in Germany \[[@CR2]\], and the healthcare costs of CHD in Germany in 2006 were the highest in Europe, at €7.9 billion \[[@CR3]\]. Improving lipid parameters beyond the reduction in LDL-C achieved with statins may further reduce the risk of cardiovascular events in patients with dyslipidaemia, because low levels of high-density lipoprotein cholesterol (HDL-C) and elevated triglyceride levels are associated with increased cardiovascular risk \[[@CR4]--[@CR7]\]. In particular, statin therapy does not reduce the increased cardiovascular risk associated with low HDL-C levels \[[@CR8]\]. The Dyslipidemia International Study (DYSIS) found that low levels of HDL-C and high triglyceride levels are highly prevalent in Europe \[[@CR9], [@CR10]\].

Niacin reduces levels of LDL-C and triglycerides and is the most effective agent for increasing HDL-C levels \[[@CR11]\]. Niacin at doses ≥2 g, alone or in combination with statins, reduces atherosclerotic CHD and may reduce coronary events in patients with cardiovascular disease \[[@CR12]--[@CR16]\]. However, immediate-release niacin is associated with flushing in more than 90% of patients who take the drug \[[@CR17]--[@CR20]\] and frequently leads to complete discontinuation of treatment. Extended-release niacin (ERN) is associated with less flushing than the immediate-release niacin formulations \[[@CR21]\]. Nonetheless, flushing remains a problem with ERN; treatment must be initiated at a low dose (375 mg in Germany; 500 mg in the USA) and complete discontinuation remains common. A retrospective cohort study of primary care patients in Germany found that 50% of patients treated with ERN alone discontinued therapy after the first prescription, and only 22% of patients continued treatment for a full year \[[@CR22]\]. Moreover, the average maintenance dose was just 840 mg, which is below the recommended therapeutic dose range of 1,000--2,000 mg/day.

Acetylsalicylic acid (aspirin) at doses of at least 325 mg is modestly effective in the mitigation of flushing severity \[[@CR23], [@CR24]\]. However, it is infrequently used, must be taken 30 min before the niacin dose and is not effective as a rescue medication \[[@CR25], [@CR26]\]. Niacin-induced flushing is primarily mediated by prostaglandin D~2~ (PGD~2~), which stimulates the PGD~2~ receptor-1 (DP1) in the skin \[[@CR27]\]. Laropiprant (LRPT) is a potent, once-daily, highly selective DP1 antagonist \[[@CR28]\]. Combining LRPT with ERN could therefore inhibit much of the PGD~2~-mediated flushing, allowing more patients to achieve and maintain clinically effective doses of niacin. In clinical trials in patients with primary hypercholesterolaemia or mixed dyslipidaemia, the ERN/LRPT 2 g combination provided comprehensive lipid management similar to ERN 2 g alone, but with improved tolerability \[[@CR29], [@CR30]\]. ERN/LRPT is contra-indicated in patients with significant or unexplained hepatic dysfunction, or with active peptic ulcer disease.

Most patients with dyslipidaemia will receive first-line treatment with a statin; simvastatin is the most commonly prescribed statin in Germany. To illustrate the economic value of add-on ERN/LRPT 2 g in a German setting, we conducted a cost-effectiveness analysis of ERN/LRPT added to simvastatin monotherapy for the prevention of CHD death, non-fatal myocardial infarction (MI) or non-fatal angina in patients with established CHD not at goal LDL-C (i.e. secondary prevention patients). Patients with established CHD were chosen for the analysis as this group is at a greater risk of cardiovascular events compared with primary prevention patients and is therefore more likely to require treatments in addition to statins to improve lipid parameters such as HDL-C and triglycerides. Three treatments were considered: (1) simvastatin 40 mg monotherapy; (2) addition of ERN/LRPT to simvastatin 40 mg in patients not at LDL-C goal with simvastatin 40 mg alone and (3) addition of ERN/LRPT compared with titration to simvastatin 40 mg in patients not at LDL-C goal with simvastatin 20 mg alone.

Materials and methods {#Sec2}
=====================

Model design {#Sec3}
------------

A lifetime decision-analytic model was developed to explore the costs and health outcomes associated with the use of ERN/LRPT in combination with simvastatin compared with simvastatin monotherapy. This was based on a previously published model developed to project the long-term benefits and cost of alternative lipid-lowering strategies in patients with hypercholesterolaemia, which has been described in detail elsewhere \[[@CR31], [@CR32]\]. Briefly, progression of CHD in secondary prevention patients was modelled with Microsoft Excel and Visual Basic software using a Markov process with an annual cycle between discrete health states (Fig. [1](#Fig1){ref-type="fig"}). The individual patient profile data for patients who met the inclusion criteria from the IMS database form the basis for the cohort in the economic analysis. Unlike standard cohort analyses where risk profiles are generated from population averages, these analyses are conducted with the actual patient data. This method allows the transition probabilities to vary from one profile to the next. Patients can either experience a recurrent CHD event (fatal CHD, non-fatal MI or non-fatal angina) or die from non-CHD causes.Fig. 1Model flow. CHD, coronary heart disease; MI, myocardial infarction

The probability of recurrent CHD in patients with established CHD was estimated for each year modelled using published Framingham risk equations from D'Agostino et al. \[[@CR33]\]. The impact of treatment was modelled by a mean change in the patient's lipid level (total cholesterol \[TC\] and HDL-C), which in turn alters the patient's risk of CHD. Because LDL-C is generally calculated from measuring TC and HDL-C, modelling changes in TC and HDL-C alone is sufficient to capture changes in LDL-C. The Framingham risk equations from Anderson and colleagues were used to estimate the probability of fatal CHD, non-fatal MI or non-fatal angina \[[@CR34]\]. Because of potential differences in the likelihood of fatal CHD, non-fatal MI or non-fatal angina in primary and secondary prevention patients, the relative rates of these events observed in primary and secondary prevention patients in the Framingham study \[[@CR33]\] were used to adjust the allocation of secondary events. Age- and sex-specific non-CHD mortality was calculated by subtracting age- and sex-specific CHD mortality from the all-cause mortality (Table [1](#Tab1){ref-type="table"}). Data for all-cause mortality were obtained from the Federal Health System Information Monitoring website \[[@CR35]\] and the Federal Statistics Office \[[@CR36]\].Table 1Age- and sex-specific non-CHD mortalityAge, yearsNon-CHD mortality per 100,000 participants in 2007MenWomen45--5436720955--6485847565--741938105175--845081356185--991266812102

The cycles were repeated annually until all modelled patients reached an age of 100 years. For each patient profile, lifetime costs and life-years are accumulated over the specified time horizon. The incremental cost-effectiveness ratio is calculated by:$$\documentclass[12pt]{minimal}
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Model inputs {#Sec4}
------------

### Efficacy of ERN/LRPT and comparators {#Sec5}

The effects on the lipid profile (TC and HDL-C) of addition of ERN/LRPT to simvastatin monotherapy were based on data from a 24-week phase 3 clinical trial in 1,613 patients with primary hypercholesterolaemia or mixed dyslipidaemia, 67% of whom were receiving a statin at baseline; in this study, total cholesterol decreased by 8.5% and HDL-C increased by 20% \[[@CR30]\]. The effects of doubling the dose of simvastatin from 20 to 40 mg were based on findings from the Ezetimibe and Simvastatin versus Double Statin Reach New Lipid Treatment Goals **(**EASEGO) study in 367 patients with type 2 diabetes and/or CHD, in which total cholesterol decreased by 6.6% and HDL-C increased by 1% \[[@CR37]\]. ERN/LRPT 2 g added to simvastatin 10, 20 or 40 mg also significantly improved lipid parameters beyond the LDL-C reductions observed with simvastatin alone in a 12-week study in 1,398 patients with primary hypercholesterolaemia or mixed hyperlipidaemia \[[@CR38]\].

### Patient profiles {#Sec6}

Patients aged 50--80 years with CHD and LDL-C ≥100 mg/dL on simvastatin were selected from a population-based primary care database in Germany (IMS Health) that contains representative data on prescriptions and lipids for 1% of the German population in 2007 (Table [2](#Tab2){ref-type="table"}). The appropriate International Classification of Disease (ICD) code was used to determine whether patients had CHD or diabetes; patients were also assumed to have diabetes if they had been given a prescription for anti-diabetic medication. Patient baseline characteristics were determined separately for each of the scenarios modelled. Only the earliest recorded TC, LDL-C and HDL-C lipid profile for each patient (not earlier than January 2007) was included, in order to reflect the first possible intervention point for physicians. Incomplete data were available for systolic blood pressure (SBP) and smoker status; the mean SBP was imputed and the proportion of smokers was estimated by randomly assigning values to patients with missing data, based on the data observed. Data on left ventricular hypertrophy were obtained from Cook et al*.*, 2004 \[[@CR31]\]. In total, 886 patients receiving simvastatin 20 mg and 707 patients receiving simvastatin 40 mg were considered for evaluation.Table 2Baseline characteristics for patients included in the modelParameterScenario 1Scenario 2Simvastatin 40 mg (*n* = 707)Simvastatin 20 mg (*n* = 886)Age, years^a^67.8 ± 0.368.8 ± 0.3TC, mg/dL207.3 ± 1.0205.6 ± 1.0LDL-C, mg/dL125.5 ± 1.1124.9 ± 0.8HDL-C, mg/dL52.3 ± 0.552.7 ± 0.4Triglycerides, mg/dL175.7 ± 4.6164.7 ± 2.9SBP, mmHg^b^138.1 ± 1.2135.6 ± 0.8Diabetes, %36.437.7Smoker, %^b^24.820.7MenopauseAssumed for women aged ≥50 yearsAssumed for women aged ≥50 yearsLeft ventricular hypertrophy, %^c^35.035.0Data are shown as mean ± SE unless otherwise stated^a^Age was restricted to 50--80 years, in accordance with the HPS2-THRIVE outcomes study \[[@CR48]\]^b^Estimated from a subsample of patients^c^Not available in IMS Health database. Published echocardiographic or electrocardiographic prevalence estimates \[[@CR31]\]*HDL*-*C* High-density lipoprotein cholesterol, *LDL*-*C* low-density lipoprotein cholesterol, *SBP* systolic blood pressure

### Costs and resource use {#Sec7}

All costs were determined from a payer perspective in the German setting (Table [3](#Tab3){ref-type="table"}). Costs of CHD events (fatal CHD, non-fatal MI or non-fatal angina) were for 2004 and were based on data used for the original model \[[@CR31]\].Table 3Summary of costs used in the modelParameterCost in year 1, €Cost in year 2, €Angina^a^4416.00662.00Non-fatal MI (1st year)^a^6971.001046.00CHD death^a^3095.00NAERN/LRPT 2 g^b^1.76NASimvastatin 20 mg^c^0.15NASimvastatin 40 mg^c^0.33NALaboratory and visit costs^d^1.00NA*CHD* Coronary heart disease, *ERN* extended-release niacin, *LRPT* laropiprant, *MI* myocardial infarction, *NA* not applicable^a^Cost per year; from Cook et al. \[[@CR31]\]^b^Cost per day; price as of 8 October 2009^c^Cost per day; the lowest generic price as of 8 October 2009^d^Cost per visit

The unit costs of simvastatin 20 and 40 mg and ERN/LRPT 2 g were based on the pharmacy retail prices for the largest pack size in Germany in October 2009. In a conservative approach, simvastatin costs were those for the largest pack size and the cheapest available generic formulation \[[@CR39]\].

There were no extra physician visit costs to consider with regard to the addition of ERN/LRPT, as physicians in Germany receive a quarterly amount of money per patient regardless of the number of visits within the quarter. Aggregated costs for the measurement of lipid parameters (TC, LDL-C, HDL-C and triglycerides) were €1 (€0.25 each). It was assumed that physicians monitored the whole lipid profiles of the patients. Costs associated with adverse events were excluded (as these were expected to be low), consistent with the approach adopted in similar, previous cost-effectiveness analyses \[[@CR31], [@CR40]\]. Utilities were not considered in this analysis, as utilities currently have only a minor role in the determination of drug cost-effectiveness in Germany. Costs and health benefits were discounted at a rate of 3% per annum, in accordance with guidance from the Institut für Qualität und Wirtschaftlichkeit im Gesundheitswesen (IQWiG).

Model outputs {#Sec8}
-------------

Cardiovascular events (fatal and non-fatal MI, angina) and life expectancy (life-years gained \[LYGs\]) were projected over a lifetime (until surviving patients reached an age of 100 years) for all treatments. The accumulated costs were projected over a lifetime and were determined for all treatments studied. Incremental cost-effectiveness ratios (ICERs) were calculated as the incremental cost per LYG for ERN/LRPT compared with simvastatin monotherapy. An ICER of €30,000 per LYG was assumed as a generally accepted willingness to pay threshold in Germany \[[@CR41]\].

Sensitivity analyses {#Sec9}
--------------------

### Univariate sensitivity analyses {#Sec10}

Univariate sensitivity analyses were performed to test the robustness of the model outputs to changes in discount rates (from base-case 3% to 0%, 5%, 7% or 10%), event costs (20% increase or 20% decrease), CHD risk (20% increase or 20% decrease), cost of ERN/LRPT 2 g (10% increase or 10% decrease), cost of simvastatin (20% decrease), time until benefit (2 years, rather than 1 year), discontinuation of ERN/LRPT owing to flushing (7.4% of patients) \[[@CR42]\] and mean maintenance dose (ERN/LRPT 1.5 g/day \[50% on 1g/day and 50% on 2 g/day\] rather than 2 g/day).

### Subgroup analyses {#Sec11}

The long-term projection of cardiovascular events and mortality, and the cost-effectiveness of ERN/LRPT were determined as described above for several predefined population subgroups: patients with or without diabetes; patients with HDL-C below the norm (\<40 mg/dL in men and \<45 mg/dL in women; as defined by the European Society of Cardiology \[[@CR43]\]); patients with a TC/HDL-C ratio ≥4.5; and patients aged ≤65 years or \>65 years.

Results {#Sec12}
=======

Long-term projection of cardiovascular events {#Sec13}
---------------------------------------------

In scenario 1, the addition of ERN/LRPT 2 g to simvastatin 40 mg was associated with an additional undiscounted 0.80 years during the course of a lifetime compared with simvastatin 40 mg alone (Table [4](#Tab4){ref-type="table"}). In scenario 2, adding ERN/LRPT 2 g to simvastatin 20 mg was associated with an additional undiscounted 0.75 life-years compared with simvastatin 20 mg monotherapy; by contrast, titration of simvastatin 20 to 40 mg added 0.22 life-years (Table [4](#Tab4){ref-type="table"}).Table 4Projected undiscounted life expectancy and life-years gained with addition of ERN/LRPT 2 g in patients not at LDL-C goal on simvastatin monotherapyScenario 1 (*n* = 707)Scenario 2 (*n* = 886)Simvastatin 40 mgERN/LRPT 2 g + simvastatin 40 mgSimvastatin 20 mgSimvastatin 20 mg titrated to 40 mgERN/LRPT 2 g + simvastatin 20 mgRemaining life expectancy, yearsLYGRemaining life expectancy, yearsLYGLYG versus simvastatin 20 mg aloneLYG versus simvastatin up-titrationAll patients13.280.8012.820.220.750.53CHD without diabetes14.130.7313.630.210.700.49CHD with diabetes11.790.9311.460.250.850.60Age ≤65 years17.621.2517.750.371.220.86Age \>65 years11.160.5810.880.170.570.40Low HDL-C^a^12.270.9312.210.270.900.63TC/HDL-C ratio ≥4.512.750.9812.100.260.900.63*CHD* Coronary heart disease, *ERN* extended-release niacin, *HDL*-*C* high-density lipoprotein cholesterol, *LDL-C* low-density lipoprotein cholesterol, *LRPT* laropiprant, *LYG* life-years gained, *TC* total cholesterol^a^Low HDL-C: men, \<40 mg/dL; women, \<45 mg/dL

Cost-effectiveness of adding ERN/LRPT to simvastatin {#Sec14}
----------------------------------------------------

In the base case for scenario 1 in patients receiving simvastatin 40 mg, the projected ICER for adding ERN/LRPT was €13,331 per LYG compared with simvastatin 40 mg alone (Table [5](#Tab5){ref-type="table"}). Adding ERN/LRPT to simvastatin 40 mg is therefore a cost-effective treatment option relative to the generally accepted threshold of €30,000 per LYG in Germany.Table 5Univariate sensitivity analysis and patient subgroup analysisCost per LYG, €Scenario 1\
ERN/LRPT + simvastatin 40 mg vs simvastatin 40 mg aloneScenario 2\
ERN/LRPT + simvastatin 20 mg vs simvastatin up-titrationBase case13,33117,684Time until benefit, 2 years14,86219,772Discount rate, % 011,01214,603 515,02719,928 716,82822,307 1019,70726,101Event costs, % change +2013,24517,593 −2013,41817,775ERN/LRPT costs, % change +1014,69819,682 −1011,96415,686CHD risk, % change +2011,59915,326 −2015,94021,234Simvastatin costs, % change −2013,30818,050ERN/LRPT discontinuation rate owing to flushing 7.4%13,33118,167Mean maintenance dose, 1.5 g/day11,58215,981Subgroup analysis CHD without diabetes15,57920,462 CHD with diabetes10,34214,081 Age ≤65 years11,78315,680 Age \>65 years14,70419,119 Low HDL-C^a^10,74914,283 TC/HDL-C ratio ≥4.510,69614,176Costs and effects discounted at 3% per annum*CHD* Coronary heart disease, *ERN* extended-release niacin, *HDL*-*C* high-density lipoprotein cholesterol, *LRPT* laropiprant, *LYG* life-year gained^a^Low HDL-C: men, \<40 mg/dL; women, \<45 mg/dL

In the base case for scenario 2, adding ERN/LRPT 2 g to simvastatin 20 mg was associated with an ICER of €17,684 per LYG compared with up-titration of simvastatin from 20 to 40 mg day. Thus, adding ERN/LRPT to simvastatin 20 mg monotherapy was cost-effective relative to doubling the dose of simvastatin.

Sensitivity analyses {#Sec15}
--------------------

### Univariate sensitivity analysis {#Sec16}

Univariate sensitivity analysis showed that addition of ERN/LRPT 2 g remained cost-effective (ICER below €30,000 per LYG) in both scenarios independent of changes in discount rate, event costs, medication costs, the level of baseline CHD risk and mean maintenance dose of ERN/LRPT (1.5 g/day \[50% on 1g/day and 50% on 2 g/day\] rather than 2 g/day), and discontinuation rates for ERN/LRPT (Table [5](#Tab5){ref-type="table"}). ICERs ranged from €11,012--19,707 per LYG for scenario 1 and €14,603--26,101 per LYG for scenario 2.

### Subgroup analyses {#Sec17}

Subgroup analyses showed that compared with the overall patient cohort, the projected LYG associated with additional ERN/LRPT treatment in both scenarios was greater in patients aged ≤65 years, and those with diabetes, low HDL-C or a TC/HDL-C ratio ≥4.5 (Table [5](#Tab5){ref-type="table"}). There were no notable differences between the scenarios.

Adding ERN/LRPT to simvastatin 40 mg in scenario 1 was cost-effective in all of the subgroups analysed (ICER below €30,000 per LYG). Similarly, adding ERN/LRPT to simvastatin 20 mg was cost-effective compared with titration of simvastatin 20 to 40 mg in scenario 2. Across all subgroups in both scenarios, ICERs remained below €20,462 per LYG (Table [5](#Tab5){ref-type="table"}). In both scenarios, ICERs tended to be lower than the overall cohort in the subgroups of patients with diabetes, patients aged ≤65 years, patients with low HDL-C, and patients with a TC/HDL-C ratio ≥4.5.

Discussion {#Sec18}
==========

Although statins are an established and effective first-line treatment option in Germany for patients with elevated levels of LDL-C \[[@CR1]\], treatments to improve other lipid parameters in addition to LDL-C may be needed to further reduce the risk of cardiovascular events in patients with CHD and dyslipidaemia. ERN/LRPT increases HDL-C levels and also reduces LDL-C and triglyceride levels \[[@CR30], [@CR38]\]. Our adapted decision-analytic model showed that addition of ERN/LRPT 2 g to statin monotherapy was projected to be cost-effective (i.e. ICERs within a commonly accepted cost-effectiveness threshold of €30,000 per LYG) in two scenarios reflective of clinical practice in Germany; (1) addition of ERN/LRPT to simvastatin 40 mg in patients not at LDL-C goal with simvastatin 40 mg alone; and (2) addition of ERN/LRPT compared with titration to simvastatin 40 mg in patients not at LDL-C goal with simvastatin 20 mg alone.

We modelled the use of ERN/LRPT in two different scenarios using representative patient profiles from a German office-based setting. In scenario 1, ERN/LRPT 2 g was added to high-dose statin monotherapy (simvastatin 40 mg), reflecting the aggressive, "fire-and-forget" approach to the treatment of elevated LDL-C that is recommended for secondary prevention of CHD in, for example, the UK \[[@CR44]\]. However, this approach leaves considerable scope for further reduction in CHD risk by treatment to increase HDL-C and lower triglycerides, because monotherapy with statins such as simvastatin has limited effects on HDL-C and triglycerides \[[@CR45]\]. Our adapted model showed that the improvements in lipid parameters associated with adding ERN/LRPT 2 g to simvastatin 40 mg were associated with a projected increase in life expectancy of 0.8 years. ERN/LRPT treatment under this scenario was cost-effective, with an ICER of €13,331 per LYG.

In scenario 2, ERN/LRPT added to simvastatin 20 mg was compared with up-titration of simvastatin 20 to 40 mg. This scenario is relevant to German clinical practice because simvastatin 20 mg is the most commonly prescribed dose in Germany. Although titration to simvastatin 40 mg would appear a logical option for patients not at LDL-C goal with simvastatin 20 mg, in fact, doubling the dose of a statin yields only a modest (3--7%) incremental reduction in LDL-C and little or no incremental benefit on HDL-C \[[@CR46]\]. Our adapted model showed that comprehensive lipid management with ERN/LRPT added to simvastatin 20 mg provided a projected 0.75 LYG, compared with 0.22 LYG with doubling the dose of simvastatin. Addition of ERN/LRPT 2 g to simvastatin 20 mg was cost-effective in this scenario, with an ICER of €17,684 per LYG compared with doubling the simvastatin dose.

Subgroup analyses showed that adding ERN/LRPT to simvastatin was cost-effective (ICERs below €30,000 per LYG) in both scenarios for CHD patients with or without diabetes, patients aged ≤65 years or \>65 years, patients with low HDL-C (\<40 mg/dL in men and \<45 mg/dL in women) as defined by the European Society of Cardiology \[[@CR43]\] and patients with a TC/HDL-C ratio ≥4.5. ERN/LRPT thus represents a cost-effective treatment option for the prevention of cardiovascular events in secondary prevention patients when added to simvastatin monotherapy at either dose.

The strengths of our analysis include the use of baseline characteristics from actual patients in Germany, although it should be noted that these were not necessarily representative of German patients who received lipid-modifying treatment in specialty care. We also modelled realistic treatment scenarios typical of German clinical practice (initial aggressive LDL-C lowering with simvastatin 40 mg, or treatment-to-target with simvastatin 20 mg as initial treatment followed by titration to simvastatin 40 mg for patients not at LDL-C goal). Furthermore, our model was not limited to a fixed time span, but projected cardiovascular morbidity and mortality (and hence cost-effectiveness) over a lifetime (up to an age of 100 years). Sensitivity analyses showed that our model was robust to reasonable changes in patient characteristics, and cost and efficacy inputs. In particular, the model was not sensitive to changes in the costs of events; this is important because it indicates that there is no limitation associated with the use in our model of event costs that were not inflated from 2004 values (under the assumption that while some event costs will have increased, others will have decreased).

It is reasonable to consider the cost-effectiveness of ERN/LRPT in the context of other niacin-based treatment options. Our findings are broadly consistent with a cost-effectiveness analysis by Roze and colleagues based on the Arterial Biology for the Investigation of the Treatment Effects of Reducing Cholesterol (ARBITER) 2 study and conducted from a French payer perspective; this study concluded that increasing HDL-C levels with ERN 1 g/day in patients with low HDL-C on statin monotherapy was cost-effective for the prevention of CHD events, with an ICER for ERN 1 g/day added to statin monotherapy of €20,645 per LYG \[[@CR40]\]. It is worth noting that the Roze et al*.* study included a simple sensitivity analysis to investigate the effects of different levels of compliance (expressed as the proportion of drop-outs) on the cost-effectiveness of ERN 1 g/day. The projected cost-effectiveness of ERN was not markedly altered by drop-out rates, with ICERs of €20,645 per LYG for the base case as compared with €20,454, €20,225 and €19,938 per LYG for drop-out rates of 10%, 20% and 40%, respectively. While drop-outs were associated with a reduction in LYG, this is offset by the reduction in drug acquisition costs. These results suggest that the assumption in our model that patients were fully adherent to the treatment regimen is unlikely to have any notable impact on the projected cost-effectiveness of ERN/LRPT. The real-life clinical effectiveness of ERN/LRPT is likely to be greater than that of ERN because of the reduced incidence of flushing and consequent lower rates of medication discontinuation \[[@CR30]\].

The main limitation of our model is the use of risk equations \[[@CR33], [@CR34]\] to predict CHD events based on treatment-induced changes in lipid parameters (in particular, increases in HDL-C); this was necessary because clinical trials evaluating the effects on cardiovascular outcomes of adding ERN/LRPT to statin treatment remain to be completed. We feel that this is a reasonable approach given that clinical trials have demonstrated beneficial effects of niacin on cardiovascular outcomes \[[@CR12]--[@CR16]\] and that ERN/LRPT improves lipid parameters as effectively as other niacin-based treatments such as ERN monotherapy \[[@CR29], [@CR30]\]. Furthermore, in a lipid goal attainment study in German patients with CHD, the addition of ERN/LRPT to statin compared with continuation of statin therapy increased the proportion of patients achieving LDL-C goal by 32.7% in men and 42.8% in women. Significantly more patients (absolute difference 29.3% in men and 38.2% in women) on ERN/LRPT added to statin attained their goal/normal levels for LDL-C, HDL-C and triglycerides \[[@CR47]\]. The ongoing HPS2-THRIVE (Treatment of High density lipoprotein to Reduce the Incidence of Vascular Events) study will determine whether ERN/LRPT added to simvastatin with or without ezetimibe improves cardiovascular outcomes in patients with established cardiovascular disease compared with add-on placebo \[[@CR48]\]. The use of Framingham risk equations in our model is consistent with treatment guidelines such as those from the US National Cholesterol Education Program Adult Treatment Panel \[[@CR11]\] and the Second Joint Task Force of European and other Societies on coronary prevention \[[@CR49]\], and with previous cost-effectiveness studies of lipid-modifying treatments \[[@CR31], [@CR40]\]. It must be accepted, however, that the Framingham risk equations are based on US population data and may therefore not precisely reflect risk in a German population.

Some additional limitations of our model should also be noted. Patient characteristics such as SBP were assumed to be constant with increasing age; this is a common assumption in studies of this type and inevitably results in an underestimate of CHD risk in the elderly and hence a conservative estimate of the cost-effectiveness of ERN/LRPT in these patients. Nevertheless, the increase in risk associated with age itself was taken into account in the model, and so, some of the effects of increasing age, as well as changes in other risk factors, would be accounted for indirectly. Incidence of left ventricular hypertrophy was estimated; however, these estimates were based on data from secondary prevention patients with CHD in Germany. Our model also excluded indirect costs and costs of adverse events and assumed perfect adherence to medication; all of these approaches are consistent with previous cost-effectiveness analyses of lipid-modifying treatments \[[@CR31], [@CR40]\]. Sensitivity analyses showed that the cost-effectiveness of ERN/LRPT 2 g was not affected when a discontinuation rate of 7.4% for ERN/LRPT (the discontinuation rate owing to flushing observed in clinical trials \[[@CR42]\]) was included in the model. Finally, the aim of this analysis was to evaluate the cost-effectiveness of ERN/LRPT in Germany, and so, these results cannot necessarily be extrapolated to other countries and settings.

Conclusion {#Sec19}
==========

The results of this analysis indicate that comprehensive lipid management with ERN/LRPT 2 g is cost-effective in secondary prevention patients in Germany who have not achieved LDL-C goal with simvastatin monotherapy. ICERs for additional treatment with ERN/LRPT were below the commonly accepted cost-effectiveness threshold of €30,000 per LYG in two scenarios reflective of German clinical practice: (1) addition of ERN/LRPT compared with simvastatin 40 mg alone in patients not at LDL-C goal despite aggressive treatment with simvastatin 40 mg and (2) addition of ERN/LRPT compared with doubling the dose of simvastatin to 40 mg in patients not at LDL-C goal on simvastatin 20 mg. Model robustness was confirmed in several univariate sensitivity analyses, for which the ICERs remained considerably below the €30,000 per LYG threshold. The ongoing HPS2-THRIVE study will assess the potential role of comprehensive lipid management with ERN/LRPT in reducing cardiovascular morbidity and mortality beyond statins.
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